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We present the calculation of the spectrum of baryons containing one heavy quark. Heavy baryon and
meson mass splittings are computed and compared with experiment. We give preliminary results for the
form factor G
1
for the semileptonic decay 
b
! 
c
l and investigate its avour symmetry.
1 Introduction
Hadrons containing a heavy quark and two light quarks
can be studied succesfully via lattice QCD calculations,
which provide non perturbative, model-independent re-
sults. Recently there have been two attempts to compute
the mass of the -baryon as well as other baryons con-
taining heavy quarks on the lattice
1;2
. A lattice analyses
of the hadronic matrix elements of the semi-leptonic de-
cay 
b
! 
c
should enable an additional independent
measurement of the element V
cb
of the CKM matrix.
A similar study was already carried out in the frame-
work of Heavy Quark Eective Theory (HQET), (for a
review see
3
). We present the theoretical framework of
both spectroscopy and weak matrix elements in section
2, and report our results in section 3.
2 Lattice Operators for Heavy Baryons
There are eight baryons containing one heavy and two
light quarks (see table 1). Their spectrum can be com-
puted on the lattice by using the following operators:
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where C is the charge conjugation matrix, l; l
0
are light
quark elds and h is the heavy quark eld.
The operatorO
5
corresponds to s

l
l
= 0
+
spin-parity
for the light degrees of freedom and a total spin-parity
for the baryon J
P
=
1
2
+
. We can extract the masses
of the corresponding baryons for large time separations
from the correlation function
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The operatorO
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The process 
b
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c
l 
l
is mediated by the weak
current (J

(y))
h
0
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(y), whose matrix
elements between baryonic states are parametrized by six
form factors, F
i
for the vector andG
i
for the axial current
respectively, as follows
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where u
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) are the spinors of the heavy baryons,
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are helicity indices, v
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.
HQET imposes strong restrictions on the form factors.
They are related to one universal mass and renormaliza-
tion scheme independent function  of the velocity trans-
fer, !, which we call the baryonic Isgur-Wise function:
F
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(!) represent radiative corrections and 
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i
(!) correspond to corrections proportional to the in-
verse powers of the heavy quark masses. The bary-
onic Isgur-Wise function is normalized at zero recoil:
(! = 1) = 1.
The quantities
P
i
F
i
(!) and G
1
(!) have no 1=m
Q
corrections at zero recoil . Therefore it should be possible
to extract an accurate value of V
cb
from the measurement
of semi-leptonic 
b
decays near zero recoil, where the
decay rate is governed only by the form factor G
1
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In order to study this matrix element on the lattice, we
consider the following three-point correlators:
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Providing both t
y
; t
x
 t
y
are large, the ground state dom-
inates and the correlator can be expressed in terms of
the lattice form factors F
i;lat
(!) and G
i;lat
(!). They are
related to the continuum form factors by multiplicative
renormalization constants, up to discretization errors.
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where F
h;h
0

lat:
is the lattice analogue of the function intro-
duced in eq. (3), and p
0
= p + q . The wave-function
factors, Z
h;h
0
5
, and energies can be obtained from the
analysis of the appropriate two-point functions.
3 Details of the Simulation
We used the O(a) improved fermion action, introduced
by Sheikholeslami and Wohlert (SW)
5
. It has been
shown
6
that, when the SW action is used in con-
junction with a `rotation' of the quark elds, all the
O((g
0
)
2
a log a) eects are removed from hadronic matrix
elements. In order to isolate the ground state in corre-
lation functions eectively, we used extended (smeared)
interpolating operators
7
.
The analysis is based on 60 congurations at  =
6:2 of a 24
3
 48 lattice. We computed the cor-
relation functions for four values of the heavy-quark
mass, 
h
= 0:133; 0:129; 0:125; 0:121, and two light-quark
masses 
l
= 0:14226; 0:14144. With these two light-
quark masses we computed two degenerate and one non-
degenerate light combinations. 
crit
= 0:14315(2) cor-
responds to vanishing quark mass, 
s
= 0:1419(1) to
the strange and 
c
= 0:129 approximately to the charm
quark mass.
4 Baryon masses
We computed the correlators given in eq.(1) and eq.(2)
and modelled the extrapolation both in the light-quark
and in the heavy-quark masses
8
by linear functions. In
order to convert our values for baryon masses into physi-
cal units we need an estimate of the inverse lattice spac-
ing. In this study we take
a
 1
= 2:9 0:2 GeV (9)
The error in eq.(9) is large enough to encompass all our
estimates for a
 1
from quantities such as m

; f

; r
0
;m
N
and the string tension. The results for the heavy baryon
masses are listed in table 1.
Table 1: Lattice determination of the heavy baryon masses, to-
gether with the experimental data, where it exists.
Baryon J
P
Mass Quark Lattice
h = c; b [GeV] Content [GeV]

h
1
2
+
2:285(1) (ud)c 2:28
+ 4
  4
5:64(5) (ud)b 5:59
+ 9
 10

h
1
2
+
2:453(1) (uu)c 2:45
+ 6
  4
5:81(6) (uu)b 5:69
+10
 10


h
3
2
+
2:53(1) (uu)c 2:43
+ 5
  4
5:87(6) (uu)b 5:68
+ 9
 10

h
1
2
+
2:468(4) (us)c 2:41
+ 3
  3
(us)b 5:69
+ 7
 10

0
h
1
2
+
(us)c 2:58
+ 5
  4
(us)b 5:85
+10
 12


h
3
2
+
2:643(2) (us)c 2:55
+ 5
  4
(us)b 5:82
+ 8
 11


h
1
2
+
2:70(2) (ss)c 2:68
+ 4
  4
(ss)b 5:91
+ 7
  8



h
3
2
+
(ss)c 2:64
+ 4
  3
(ss)b 5:89
+ 6
  8
We measured the m

 m
P
splitting taking the dif-
ference of the tted masses, whereas m

 m

has been
tted from the ratio of the corresponding correlators.
The extrapolations of the mass splittings, , have been
modelled by a linear function of the inverse heavy pseu-
doscalar mass, according to the HQET predictions:
 = A+
B
m
P
(
h
)
:
Here we present results for the dimensionless quantities
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m

 m
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m

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m
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
+m
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We get:
Exp. Lattice
R(
c
) 0:100(3) 0:099
+ 9
  7
R(
b
) 0:033(5) 0:033
+ 5
  4
R(
c
) 0:035(1) 0:038
+ 9
  9
R(
b
) 0:016(2) 0:017
+ 5
  7
The splittings of the spin doublets (

;); (

;)
and (


;
) are negative although with a large statistical
error that encompasses zero in most cases. Furthermore
the spin splitting may be subject to large systematic ef-
fects.
5 Form Factor G
1
The form factors are computed on the lattice by
analysing the quantity
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which tends to a constant proportional to the lattice ma-
trix element for 0 << t
y
<< t
x
<< L. We constrain the
remaining factors from the 2-point function and hence
determine G
1;lat
.
In the case of degenerate transitions, in which the
heavy quarks are of equal mass, we reduce discretization
errors as well as remove the dependence on the matching
coecient between the lattice and continuum form fac-
tor by dividingG
1;lat:
(!) by the measuredG
1;lat:
(1). The
denominator is obtained from the transition (0; 0; 0) !
(0; 0; 0); the error bars at zero recoil arise from the mea-
surement of the transition (1; 0; 0)! (1; 0; 0).
We present in g. 1 preliminary results for G
1
(!)
normalized to G
1
(1) = 1 for the degenerate transition at
our four values of 
h
with both light quarks correspond-
ing to 
l
= 0:14144.
Radiative corrections are not included in this pre-
liminary analysis so some caution has to be exercised
before calling this the \Isgur-Wise" function. The power
corrections (
i
) are non-perturbative and are not yet de-
termined in a model-independent way. Since G
1
has no
O(1=m
Q
) correction at zero recoil we might expect that
these corrections are small. The points appear to lie on
a universal curve suggesting that such mass-dependent
corrections are indeed small
6 Conclusions
The full spectrum of the eight heavy baryons contain-
ing a single heavy quark (c or b) has been computed.
Figure 1: The form factorG
1;lat:
(!)=G
1;lat:
(1) for degenerate tran-
sitions. Dierent symbols correspond to dierent 
h
-values.
The extrapolation to the chiral limit as well as in the
heavy quark mass looks very reliable and the agreement
between our estimates and the physical values is good.
The estimates forM

 M
P
andM

 M

agree well with
the experimental data, but the measurement of the spin
splitting M


 M

is inconclusive. A more extensive
discussion of the results can be found in
9
.
We have computed the form factorG
1;lat
. We obtain
a good signal for the form factor and are able to extract
its ! dependence. This study conrms that the depen-
dence of G
1
on the heavy quark mass is very weak, and
undetectable within the precision of our data.
Acknowledgments
This work was supported by the Particle Physics and
Astronomy Research Council. PU acknowledges the sup-
port of the HCM project of the EC, contract ERBCH-
BICT930877.
References
1. C.Alexandrou et.al. Phys. Lett. B337 (1994) 340.
2. UKQCD Collaboration (N.Stella) Nucl. Phys. B42
(Proc. Suppl.)(1995) 367.
3. M.Neubert Phys. Rept. 245 (1994) 259
4. M. Benmerrouche et al., Phys. Rev. C39 (1989),
2339
5. B. Sheikholeslami and R. Wohlert, Nucl. Phys.
B259 (1985) 572.
6. G. Heatlie et.al., Nucl. Phys. B352 (1991) 266.
7. UKQCD Collaboration (C. R. Allton et.al.), Phys.
Rev. D47 (1993) 5128
8. UKQCD Collaboration (R.M. Baxter et.al.), Phys.
Rev. D49 (1994) 1594.
9. UKQCD Collaboration, in preparation
